I. INTRODUCTION CHROMOSOME numbers of garden hyacinths vary from diploid to tetraploid.
All varieties produce seed, but their actual fertility is not known. In diploid-trisomic crosses, the trisomic as female gives better fertility and greater transmission of the extra chromosome (Ved Brat, 1967a) . The present paper deals with diploid, triploid, tetraploid and some aneuploids (table 1) . Amongst the aneuploids, well-developed seedless fruits are sometimes produced, presumably owing to the stimulus of pollination but failure of fertilisation, e.g. in a cross between hyacinth Delight (3x-1) and Anne Marie (3x).
SEED SET AND VIABILITY
(a) Diploid-triploid Fertility varies from one cross to another (table 3) . When two varieties such as Pink Pearl and Lord Balfour are crossed reciprocally, the triploid seed parent gives approximately eleven times more seed than the diploid. This is a reflection of the greater proportion of viable seeds produced rather than the number of ovules per ovary. These results are similar to those in earlier known cases (see Upcott and Philp, 1939; tables X and XI) . But in the other genera the aneuploids do not survive at all, whereas they are as vigorous as the euploids in Hyacinthus.
(b) Diploid-tetraploid Reciprocal crosses between diploids and tetraploids give similar results (table 4) which again resemble the general pattern in diploid-tetraploid crosses (see Woodell and Valentine, 1961; table 5) , especially those of maize (Randoif, 1935) , Datura (Sansome et al., 1942) and Secale cereale (Hakansson et al., 1950) where the viable seeds are produced at low frequency in either direction. The hyacinth tetraploids produce mostly inviable seeds which show a wide range of size variation suggesting that the elimination occurs throughout seed development.
ZYGOTIC SELECTION IN HYACINTH 191 (c) Tetraploid-triploid Blue Giant crossed with the triploid Lord Balfour and G. Maitre (table 4) gave better fertility than the diploid-triploid and diploid-tetraploid crosses. Evidently, the unbalanced pollen grains of the triploid are more effective on the tetraploid than on the diploid. Also, the fertility of a cross cannot depend entirely on the balance of pollen grains, as both pollen grains and eggs are balanced in the latter cross. Two abnormal genotypes, one with a fragment isochromosome and the other with a long chromosome carrying a deletion, were found (plate I, figs. 1 and 2). The former presumably arose from the misdivision of a small Chromosome numbers of the embryos of diploid-triploid reciprocal crosses more or less conform to the expected binomial distribution (table 6 ).
This suggests that the pollen grains and the eggs of a triploid are equally effective irrespective of their chromosome numbers. But this is unlike those of the trisomic, where the balanced gametes are at an advantage over the unbalanced ones (Ved Brat, 1 967a ). The present data are similar in the reciprocal crosses, both for total chromosome numbers and for the L, M and S chromosomes respectively (text- fig. 1 ). Darlington and Mather (1944) reported a negative correlation of L chromosomes over M+S in the pollen grains, but it is absent in the embryos (table 7) . Thus, the distribu- in the pollen grains. The peaks of the distribution curves of M and S chromosomes have shifted from zero to one (text- fig. 1 ). In the embryos, however, chromosomes of the individual type exceed the limits of expectation from the trivalents. This can arise from the illegitimate segregation of univalents or quadrivalents formed during meiosis (Brock, 1955) . Subhaploid pollen reported earlier in the triploid hyacinth Anne Marie (Ved Brat, l967b ) is also suggestive of the same fact. The aberrant genotypes are eliminated during seed development and thus, are not found in the seedlings or the cultivated varieties. the embryos in the respective crosses (cf. (x = 8) and Campanula persicfolia (x = 8) are exceptional in producing no seed (Darlington, 1931; Gairdner and Darlington, 1931) . However, in all these cases the triploids behave differentially as pollen and seed parents, and this is why they have been often used as seed parents for producing trisomics. pattern displayed thus suggests that the zygotes with more than the triploid chromosome number provide a new balance which can withstand the selection pressure during seed development. Probably that is why a zygote with 29 chromosomes can survive in 2x x3x cross (see text- fig. 2 ). But, this may not hold good for all possible combinations of chromosomes. The chromosomal constitution of tetraploid-triploid progenies of hyacinth is similar to those of maize but not of Oenothera and Anthoxanthum (see Borril and Carrol, 1965) . However, in all these genera the elimination pattern is similar in diploid-triploid crosses, and it is the seed parent which is important for determining the elimination pattern. Survival of a hypo-triploid seedling (2n = 23 = 8L+3L+4M+8S, plate I, fig. 3 ), however, in tetraploid-triploid cross is usual and analogous to 29 chromosome seedlings in maize (Punnyasingh, 1947) . It could arise from the fusion of haploid pollen with a 15-chromosome egg.
SELECTION OF GARDEN VARIETIES (a) Seedlings and bud sports
The hyacinth aneuploids are unique in producing seeds and thus most of the varieties have been raised from seedlings. In this respect they differ from Tulipa, where the progenies of the triploids have poor viability and the surviving offspring are completely sterile (Upcott and Philp, 1939) . Thus, in hyacinth, the surviving offspring display the most unusual balance with the result that the varieties in cultivation show practically all chromosome numbers from diploid to tetraploid. Madame du Barry is a synonym for Van Tubergen's Scarlet which produces very deep scarlet flowers. Its mutant form Scarlet Perfection has double flowers, but the chromosomes in both the forms are similar in number and morphology (plate II, fig. 1) .
During the present studies I have found salmon-coloured flowers on a fasciated inflorescence of bright-pink-flowered Anne Marie. Some bulbs also produced two spikes each, one with the parental colour and the other The fertility of a cross depends upon the balance and viability of both the gametes and the zygotes involved. Evidently, their selective elimination is a more complex process than the one simply based on the numerical correlation of chromosomes in the complement. In the present experiments, most of the crosses involve parents one at least of which produces mostly unbalanced gametes. They are 4x x 3x, (3x -1) x2x, 2x x 3x, or 3x x2x.
The only two sets of crosses which involve parents and gametes both with balanced chromosome numbers are 2x x 2x, 2x x 4x, or 4x x2x.
together; this must be due to the selection rather than to chromosome loss during meiosis. Poor fertility of diploid-diploid crosses is presumably due to a failure of pollen tube growth or breakdown of endosperm resulting in seed abortion. In diploid-tetraploid crosses, low fertility is very common and the tetraploid is usually more successful than the diploid as seed parent (see Stebbins, 1958) . In hyacinth, the diploid-tetraploid reciprocal crosses are equally poor but the tetraploid bears more seeds which are mostly inviable. This suggests that the haploid pollen in hyacinth can grow better on the stigma of its tetraploid than is the case in the reciprocal cross. This is very similar to Datura, where the poor fertility of the diploid seed parent is due to the bursting of pollen tubes in the styles (Sansome, Satina and Blakeslee, 1942) . Plump but inviable seeds which show abnormal development of the maternal tissue as found in Lycopersicon pimpinellfolium (Cooper and Brink, 1945) , are not produced in hyacinth. Sooner or later during seed development, endosperm failure leads to the death of the embryo. Where the endosperm failure is complete, the young embryo feeds from the nucellus till it dies (plate II, fig. 2 ).
(b) Endosperm failure During the breakdown of the endosperm, three types of mitotic errors occur. They involve sub-chromatids, chromosomes, and the spindle. The sequence leading to the breakdown of the tissue starts with spontaneous sub-chromatid bridges which persist through a breakage fusion cycle (Brock, 1955) . This follows spindle failure and consequently formation of high polyploid nuclei culminating in the breakdown of the tissue. The endosperm failure follows numerical discrimination of chromosomes, and Brock has suggested that it is progressive with the increase of chromosome number. Present data, however, do not support this correlation.
In Trillium, Rutishauser (1 956a) found that the frequency of chromosome breakage in the endosperm increased with the addition of fragment chromosomes but, paradoxically, it also improved the fertility of the cross. Thus the fertility is not necessarily limited by the frequency of chromosome breakage in the endosperm. In intergeneric crosses between Trillium and Paris (Rutishauser, l956b; Rutishauser and La Cour, 1956) , the Paris chromosomes are only slightly susceptible to chromosome breakage and the seed abortion results from the limited development of the endosperm as in diploid-hexaploid crosses in Sisymbrium irio (Khoshoo and Sharma, 1959) .
The widespread seed inviability arising from endosperm failure has been explained on the basis of quantitative relations between the genomic constitutions of the different tissues involved (see Stebbins, 1958) . But the origin of haploids, like the diploid nature of the normal endosperm in Oenothera, does not fit any hypothesis (Valentine, 1955) . The physiological balance of the endosperm, however, breaks down due to unusual combination of related or unrelated gametes and Luckwill (1958) suggested that, with this, the hormonal supply from the endosperm to the embryo also breaks down. But, the natural growth of the endosperm itself depends upon the hormones obtained from the nucellus rather than from its own activity (Nakajima, 1962) . Thus, the embryo survival depends upon the physiological balance of the nucellus as well as endosperm, and the latter being intermediate is more susceptible to imbalance. In Lycopersicon (Cooper and Brink, 1945) and Datura (Blakeslee et al., 1953) , this imbalance is shown by the abnormal growth of maternal tissue.
ZYGOTIC SELECTION IN HYACINTH 201 Abnormal growth of the antipodals has been suggested as the cause of seed failure when Hordeum jubatum is crossed with Secale cereale , Elymus virginicus with Agropyron repens (Beaudry, 1951) , and wheat with rye (Moss, unpublished). In Hyacinthus, also, giant chromosomes are found in the antipodals (plate II, fig. 5 ). But they seem to have no correlation with endosperm failure for they appear as a usual feature in the normally reproducing Aconitum (Jachimsky, 1937; Tschermak-Woess, 1956 ). In Caitha palustris (Grafi, 1941 ) the antipodals however show endomitosis. Giant chromosomes are also reported in the synergids of Allium nutans (Hakansson, 1957) .
7. SUMMARY 1. Garden hyacinths vary in their chromosome numbers from diploid to tetraploid. Most of the varieties cross with one another but give variable fertility.
2. The polyploids are more fertile as seed parents when crossed with the diploids. In reciprocal crosses, the triploid (Lord Balfour) seed parent is eleven times more fertile than the diploid Pink Pearl. But in 2x-4x reciprocal crosses the net fertility is more or less similar. The tetraploid produces more seeds which are mostly inviable. In 4x x 2x, (3x +3) x 2x, and (3x +4) x 2x crosses, the fertility increases progressively.
3. Pollen grains and eggs with different chromosome numbers are equally effective in 2x -3x reciprocal crosses, but during seed development the aneuploids are completely eliminated when the seed parent is diploid. This is unlike the reciprocal, where only aneuploids survive and the diploids and triploids die.
4. Unexpectedly, some unusual chromosome combinations also survive in the seedlings of 4x x3x cross and selection seems to favour higher chromosome numbers along with some unbalanced genotypes hitherto unrecorded in the garden varieties.
5. Elimination occurs in all crosses presumably due to endosperm failure, but no correlation exists between the chromosome number of the endosperm and its ability to develop properly. Usually, mitotic abnormalities precede endosperm breakdown irrespective of the chromosome numbers and/or the genomic ratios between the tissues involved in seed development. 
